If tracheal intubation is not possible using direct laryngoscopy, one option is to use a laryngeal mask airway (LMA) through which an endotracheal tube (ETT) can be passed. In children, however, the size of an uncuffed ETT that can pass through the lumen of an LMA is sometimes too small for the trachea, resulting in gas leakage around the ETT. Using a cuffed ETT may reduce the gas leak but withdrawal of the LMA is then prevented by the pilot balloon. In this study, the largest sizes of cuffed and uncuffed Mallinckrodt™ ETTs that could pass with ease through various sizes of paediatric Classic™ and ProSeal™ LMAs were documented. For cuffed ETTs, withdrawal of the LMA was made possible by simply cutting off the pilot balloon. The ETT cuff-inflating mechanism was then repaired by passing a 20 or 22 gauge cannula into the cut end of the inflating tubing. The proximal end of the cannula was then connected to a one-way valve or a three-way stopcock. This technique of cutting off the pilot balloon of the cuffed ETT made it possible to use paediatric cuffed ETTs in exchange for the LMAs tested. The task was easy to perform. Subsequent repair of the cuff-inflation tubing was effective and could withstand high pressures. These findings indicate that it is possible to pass cuffed ETTs through paediatric LMA lumens, which can provide ventilation without gas leaks, unlike uncuffed ETTs.
When attempts at intubation have failed, one option is to place a laryngeal mask airway (LMA) 1, 2 . With the LMA in situ, and after pre-oxygenation, a fibrescope, preloaded with an uncuffed endotracheal tube (ETT), is passed through the LMA into the trachea. The ETT is then railroaded into the trachea. Alternatively, the ETT could be passed blindly. Then, using a stabiliser rod or another ETT to keep the in situ ETT in place, the clinician withdraws the LMA 3 .
Due to the small calibres of paediatric LMA lumens, the sizes of ETTs that could be passed coaxially within them may be smaller than the recommended sizes for certain children. If the ETT is uncuffed, there could be significant gas leakage around the ETT after the exchange. Therefore, cuffed ETTs should ideally be used. As Weiss et al 3, 4 pointed out, however, the pilot balloon prevents the withdrawal of the LMA. Without withdrawing the LMA, the cuffed ETT may not be able to be inserted to an optimum depth. One solution to this problem is to first exchange the LMA for an uncuffed ETT that can fit through the LMA lumen, then exchange that uncuffed ETT for a larger uncuffed ETT or a cuffed ETT 5 . Nevertheless, if the airway is difficult, and given that use of exchange catheters is associated with the risks of failure (13.8%) and airway injury (7.8%), including pneumothorax (1.5%) 6 , this approach has drawbacks. Reported here is a new technique whereby the pilot balloon is cut off to allow withdrawal of the LMA and then repaired using a 20 or 22 gauge cannula.
METHODS

Technique
So that the pilot balloon of the cuffed ETT cannot obstruct the removal of the LMA, the first step is to cut it off. The next step is to insert the lubricated ETT through the LMA lumen into the trachea. The final step is to repair the cuff-inflating tubing of the ETT after the LMA has been withdrawn. Repair involves inserting a 20 or 22 gauge intravenous cannula into the pilot balloon tubing and connecting an injecting port to the cannula (Figure 1 should be retracted only slightly during advancement of the cannula.
Testing
Two popular LMA models, Classic TM and ProSeal TM (LMA, San Diego, CA, USA), and traditional cuffed and uncuffed Mallinckrodt TM ETTs (Covidien, Mansfield, MA, USA) were chosen to test this technique.
A manikin the size of a term newborn and a manikin the size of a six-year-old child were used to test this technique. A size 1 LMA was placed in the 'newborn' manikin, followed by intubation with the largest possible size of uncuffed ETT and withdrawal of the LMA. Next, the same procedure was repeated with cuffed ETTs to determine the largest sizes possible for complete withdrawal of the LMA after the cuffed ETT had been placed in the trachea and its pilot balloon cut. The above steps were then repeated using a size 2.5 LMA in the 'six-year-old' manikin.
The rest of the various sizes of LMA-ETT exchanges were simulated without manikins. In all exchanges, the external surfaces of the ETTs were always well lubricated. All exchanges were facilitated using Weiss et al's technique of removing the proximal 15 mm ETT connector and using an ETT 0.5 mm smaller as the stabiliser to facilitate the withdrawal of the in situ LMA 4 .
Finally, the repaired cuff-inflating mechanism was tested at high pressures for leakage.
RESULTS
This benchtop experiment confirmed that removing the ETT connector and using a slightly smaller ETT as the stabiliser facilitated the removal of the in situ LMA. As shown in Table 1 , exchanging the in situ LMA with an uncuffed ETT limited the size of the ETT that could be used and therefore theoretically could result in significant gas leakage around the uncuffed ETT once it is placed in some patients. This tends to be a potential problem only for patients in the upper end of the age and weight ranges for the various LMA sizes. For example, a five-year-old may need a 5.5 mm uncuffed ETT, but the largest uncuffed ETT that could be placed and allow LMA (size 2) withdrawal is 4.5 mm. For those patients, there is potentially an excessive gas leak problem. This problem was overcome by the use of a cuffed ETT (internal diameter 4 mm, Table 1 ). Even with the pilot balloon and injecting port removed, the cuffed ETTs that could pass through the LMAs with ease were in some cases 0.5 mm smaller than would be for uncuffed ETTs (Table 1) .
Cutting the pilot balloon and repairing the cuffinflating mechanism typically took less than a minute. Figure 2 shows the cuff of a 4 mm internal diameter ETT inflated with 11 ml of air under water. There was no leak detectable in the repair system.
DISCUSSION
A new technique has herein been described that allows the passage of a cuffed ETT through an LMA in situ followed by LMA withdrawal. The procedure of cutting the pilot balloon inflating tubing and subsequently repairing the mechanism was simple. Other authors have proposed novel techniques of removing the LMA in situ once an ETT has been All ETTs tested were of Mallinckrodt TM brand. All ETT sizes are internal diameter (mm). The weight ranges for the various sizes of LMAs can typically be found on the packages or by using the formula: child's weight ± 25% = 2 2×LMA# 13 . ETT=endotracheal tube, LMA=laryngeal mask airway. sited. They include the much more cumbersome task of either splitting 8 or cutting and shortening 9-11 the LMA.
Based on this benchtop study, the problem of excessive gas leakage around an uncuffed ETT after exchanging for an in situ LMA may, at least in theory, occur in children at the higher end of the weight ranges for the various LMA sizes. Those clinical situations may require the use of modified cuffed ETTs, as described, to achieve ventilation without excessive gas leakage. Since there are many LMA and ETT brands on the market, potentially with different physical dimensions, clinicians are urged to first bench-test the technique using their in-house LMAs and ETTs before using the technique clinically.
According to this study, the permissible cuffed ETT may still be smaller than the ideal size, even with removal of the pilot balloon. As such, the cuff may need to be inflated more than usual, so appropriate precautions must be taken.
As in any potentially hazardous airway manoeuvre, adequate pre-ventilation with oxygen before the exchange is recommended. Once the LMA is removed, ventilation can resume even while the cuff is being repaired. In other words, the technique of cutting and repairing the ETT cuff inflation mechanism does not incur additional apnoeic time.
Losing the pilot balloon means that one no longer has it to gauge the tracheal cuff pressure through finger palpation. This is an unreliable technique 12 anyway, and one should use a pressure gauge to check cuff pressure and consider having a tiny gas leak for reassurance.
The main shortcoming of this study is that it was a benchtop study. However, the technique has been used by the author successfully in a patient with a difficult airway. Without using a cuffed ETT through the lumen of the LMA as described, a large leak around the ETT would have occurred. Nevertheless, it is possible that unanticipated problems could arise when put to the test in clinical situations. Readers are urged to have other airway backup plans. Additional air in the ETT cuff may be required to effect a seal, and extra caution is required to prevent tracheal mucosa injury.
In summary, it is possible to pass cuffed paediatric ETTs through the lumen of LMAs by simply eliminating the inflating pilot balloon. By detaching the pilot balloon cuff it is possible to withdraw the LMA simply once the ETT has been correctly placed in the trachea.
